CHAPTER -VII

SYNTHESIS AND CHARACTERIZATION OF COBALT OXIDE NANOPARTICLES 7.1 Introduction
Nanomaterials have (1-100 nm) attracted considerable interest in recent years due to their distinct properties from their bulk counter part arising from the quantum size effect [1] . A variety of techniques have been applied to fabricate nanostructures of a broad class of materials, ranging from ceramic dielectrics [2] , semiconductors [3] , metals [4] and metal-oxides [5, 6] . Among these materials, transition metal oxides have been the subjects of scientific and technological application owing to their fascinating properties [7, 8] . In particular, cobalt oxides have attracted great interest because of their potential applications in a variety of fields including heterogenous catalysis [9] , solid state sensors [10] , electrochromic sensors [11] , Liion rechargeable batteries [12] , energy storage device [13] , pigments [14] , etc. The reduction of particle size down to the nanometer scale, Co 3 O 4 found to have interesting magnetic, optical, field emission and electrochemical properties that are attractive in device applications [15] [16] [17] .
Generally, antiferromagnetic nanoparticles exhibit induced permanent magnetic moments due to lack of internal structural perfection and/or uncompensated spins on the surface of the particles [18] . Co 3 O 4 is one such anti-ferromagnetic material having Neel temperature of ~30K. They have gained increased attention for exhibiting quantum tunneling of magnetization [19] and in many other applications involving the magnetic quantum effects [20, 21] . Thus, tremendous efforts have been directed in recent years towards the synthesis and investigation of Co 3 nanocrystals with various morphologies, such as nanospheres [26] , nanorods [27] , nanocubes [28] , hollow spheres [16, 29] , nanorod bunches [30] and urchin-like nanocrystals [31] The presence of surface hydroxyl groups are replaced by the addition of IL and also the co-ordination between metal ions and hydroxyl ions become weaker during the synthesis. The nanocrystals formation is favoured by the surface coverage of ionic liquid by preventing the surface hydroxyl formation which facilitates the nanocrystal aggregation. The FT-IR results of the same samples also reveal the lesser intensity broadened peak for the stretches of hydroxyl groups of gallery water molecules and hydrogen bonded hydroxyl groups in the Co 3 O 4 nanoparticles synthesized at higher IL medium. [39] . The calculated crystallite sizes from the XRD data are presented in Table 7 .1. On increasing the ionic liquid concentrations in the synthesis medium is influenced on the formation of nanoparticles, where the ILs prevent the nanoparticle growth, which is observed from the XRD results ( Fig.7.2 (a-c)) [40] . The diffraction peaks of the Co 3 O 4 nanoparticles are also broadened with increasing the ionic liquid concentration in the synthesis medium which indicates the reduction of crystallite size (see Table 7 .1).
X-ray Diffraction Studies
The effect of temperature on the particle formation in the presence of nanoparticles, an increased particles size is observed, due to an increased crystal growth than the nucleation may be occurred, which induce the bigger particle formation as shown in is Co 3+ and the later band is attributed to the Co 2+ ions [42] [43] [44] . The appearance of very strong peak for ionic liquid indicates that the Co 3 O 4 nanoparticles may be strongly capped by the ionic liquid moieties. An increase in temperature could cause for the increased peak intensity for octahedrally co-ordinated Co 3+ ions as shown in To exploit the effect of synthesis process parameter on the formation of Co 3 O 4 nanoparticles, the experimental temperature was increased to 80ºC and H 2 O 2 oxidizing agent was added. With the addition of H 2 O 2 , the particle growth is rapid and the nucleation is diminished and thus, the intensity of band for the M-O bond is
higher. An increase in temperature causes the increased agglomeration and growth of the particles, it could be inferred from the FT-IR band, where the intensity of the M-O is increased for the particles synthesized at 80°C in IL and with the addition of H 2 O 2 mixture than for the particles synthesized at room temperature. Obviously, the FT-IR spectra discussed above are conform with the Co 3 O 4 nanoparticles formation.
Field Emission Scanning Electron Microscopic Studies
The The addition of H 2 O 2 in the 0.75% ionic liquid medium and at the elevated temperature (80°C), the particle growth is rapid, more aggregated and densely agglomerated with grown particles are result. The morphology of the particles is also changed to the irregular hexagonal plate like structure and their dimensions are 150 X 50 nm (H 2 O 2 at RT) and 150 -250 X 50 nm (H 2 O 2 at 80°C). These results are well corroborated with the XRD and FT-IR results. however, the size of the particle is small which cause the widening of diffraction rings made up of many diffraction spots which indicates that the architectures are polycrystalline structure [45] . The SAED pattern confirms that the Co 3 O 4 nanocubes are face-centered cubic (FCC) structure, which is in good agreement with the above XRD results.
Transmission Electron Microscopic with Selected Area Electron Diffraction Studies
Magnetic Measurement Studies
The magnetic hysteresis measurements were performed for all the synthesized 
Conclusion
A facile synthesis of spinel 
